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OBJECTIVE:  To  develop  a  non-toxic  alternative  to  morphine  for  use  on  the  battlefield. 

APPROACH:  Glycosylation  of  delta-selective  opioid  agonists  related  to  the  endogenous  peptide 
neurotransmitter  Leu-enkephalin  results  in  the  incorporation  of  drug-like  behavior.  That  is,  the 
incorporation  of  sugars  into  peptide  neurotransmitters  leads  to  systemically  available  glycopeptides 
that  can  penetrate  the  blood-brain  barrier  (BBB)  after  iv,  ip  or  im  injection  to  produce  potent  and 
long-lasting  analgesia.  Furthermore,  the  balanced  delta/mu-agonism  displayed  by  these  novel  drugs 
resulted  in  a  reduction  of  many  narcotic  side  effects  that  are  typical  for  opiates. 

The  initial  studies  involved  the  use  of  in  vitro  binding  assays  to  opiate  receptor  subtypes, 
combined  with  in  vivo  studies  in  mice  to  simultaneously  optimize  performance  of  the  drugs  at  the 
receptor,  stability  of  the  drug  in  vivo,  and  transport  of  the  drug  across  the  BBB. 

ACCOMPLISHMENTS  (throughout  award  period):  We  have  produced  3  classes  of  glycopeptide 
drugs  that  have  potential  value  in  the  clinic.  The  first  class  are  the  delta/mu-opioid  agonist 
enkephalin  analogues,  illustrated  by  our  lead  compound  Lactomorphin  (MMP-2200  or  ACR-150). 
In  mice,  these  drugs  showed  minimal  narcotic  side  effects,  including  abuse  liability,  constipation 
and  sedation.  The  second  class  of  glycopeptide  drugs  includes  highly  mu-selective  opioid  agonists, 
illustrated  by  LYM-100  or  LYM-50.  While  these  drugs  still  possess  some  narcotic  side  effects, 
including  sedation,  they  are  extremely  potent  and  may  have  some  advantages  over  fentanyl  as  a 
surgical  anesthetic  and  for  post-operative  pain  where  sedation  is  required.  The  third  class  of  opioid 
agonists  includes  the  much  larger  endorphin-based  glycopeptides  that  may  eventually  be  useful  for 
their  non-analgesic  effects.  Since  this  falls  outside  the  scope  of  our  original  aims,  this  work  was 
discontinued  until  non-ONR  support  (NSF,  NIH)  can  be  obtained  to  pursue  this  line  of  inquiry. 

Methods  developed  during  the  award  period  include  improved  synthetic  methods  for  glycopeptides, 
and  a  new  concept  for  the  conversion  of  neurotransmitters  (effective  range  of  action  =  10- 100 A) 
into  pharmaceuticals  (effective  range  of  action  =  mm-meters).  This  “biousian”  concept  is  presently 
being  explored  and  expanded  in  the  context  of  a  new  NSF  grant  that  allows  us  to  explore  and 
expand  on  this  novel  approach  to  drug  design. 

CONCLUSIONS:  Glycopeptides  analgesics  are  potent  analgesics  with  limited  abuse  liability. 
Several  of  these  are  worthy  lead  compounds  for  the  replacement  of  morphine  in  the  field.  Further 
studies  on  the  pre-clinical  and  clinical  development  with  ONR  support  are  presently  underway. 
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SIGNIFICANCE:  Our  studies  have  provided  a  valuable  new  approach  to  the  treatment  of  pain  with 
minimal  narcotic  side  effects.  Furthermore,  the  use  of  glycosylation  as  a  means  of  converting 
endogenous  neurotransmitters  into  CNS  drugs  may  represent  a  sea  change  in  the  design  of  drugs  for 
the  treatment  of  numerous  disorders. 

Two  other  companies,  one  CA  based,  and  one  based  in  Tucson,  have  proposed  to  work  in 
collaboration  with  us  to  use  glycosylation  for  other  (non-analgesic)  applications.  At  this  point,  this 
work  is  still  in  the  formative  stages. 

PATENT  INFORMATION:  Several  patents  have  been  filed,  and  commercialization  is  in  pursuit. 
Acretia  Inc.,  located  in  the  Boston  metropolitan  area,  has  acquired  certain  rights  to  our  intellectual 
property  and  is  helping  us  to  further  develop  a  drug  that  will  be  useful  for  traumatic  pain  on  the 
battlefield,  as  well  as  the  treatment  of  chronic  pain  associated  with  cancer. 
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membranes. 
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